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Abstract 
Hyperspectral imaging is a powerful technique that combines information of spatial distribution and of the chemical 
composition. In this study a hyperspectral system has been used to asses the feasibility of this technology to detect 
defects and properties related to the composition of meat products. Foreign bodies were added to pork tenderloin 
samples, which were processed to obtain the corresponding hyperspectral datacubes. Multivariate analysis was 
applied to process the datasets and artificial images of each sample were created to display the results. The obtained 
results show the great potential of this technique that combines the advantages of traditional machine vision and 
spectroscopy. 
 
© 2011 Published by Elsevier Ltd. 
 
Keywords: Hyperspectral, foreign, bodies, inspection, food, NIR, spectroscopy, multivariate, analysis. 
1. Introduction 
Concern about food safety is steadily increasing and the pressure from consumers and distributors is 
growing on food producers. The detection of foreign bodies in food products has traditionally been 
addressed by well known conventional techniques, which are used in different fields of application [1]. 
Most commonly used techniques are metal detection, x-rays and computer vision. However, they all have 
some drawbacks that make them applicable only in certain very specific cases. Metal detectors will only 
detect:metals, x-rays can only identify foreign materials of higher density than the ingredients and 
machine vision only differentiate items that differ in properties like shape and colour (George, 2004). That 
is why detection of plastics, plant fragments (chips, sticks and broken pallets), cardboard or insects has 
not been resolved so far. 
Among the emerging techniques able to be applied in the food sector for the detection of foreign 
bodies, hyperspectral vision is particularly interesting since it combines spectroscopy with image analysis 
 
* Corresponding author. Tel.: +34-961-366-090; fax: +34-961-318-008. 
E-mail address: rdiaz@ainia.es 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
314  R. Díaz et al. / Procedia Engineering 25 (2011) 313 – 316
[2]. Infrared spectroscopy allows the identification of compounds based on their chemical composition [3] 
and subsequent image analysis allows the detection of foreign matters in the right place in order to 
proceed to their expulsion. 
The aim of this study was the assessment of the ability of hyperspectral imaging to detect fragments of 
materials with different composition to the target product [4]. This is one of the major unresolved 
problems with conventional technologies, since foreign bodies can be found not only in meat products, 
where this study was focused, but in many other products [5].  
2. Materials and methods 
2.1. Foreign bodies and products 
The products used for the study were pork loin steaks, products that are often cut and packaged in 
protective atmosphere and distributed through the cold chain. A set of materials of different compositions 
and sizes was prepared to be used as foreign bodies. Some selected materials can be incorporated to the 
pork as remains of the slaughtered animal, but other are absolutely strange and should never appear with 
the product. Materials associated with the same product are remains of fat or bone fragments. Wastes 
totally unrelated are plastics, metal and insects. The set of foreign materials was prepared cutting samples 
of different composition in different sizes, about 2x2 mm, 5x5 mm and 10x10 mm. The prepared samples 
were placed on the surface of different pork loin steaks to be characterised by the hyperspectral system. 
2.2. Instrumentation used 
The hyperspectral system consisted of an infrared camera (MCT-507, Xenics, Belgium) attached to a 
spectrograph (Imspector N25E, Specim, Finland) to acquire images with a resolution of 320x240 pixels in 
the Near Infrared band from 1100 to 2500 nanometers. The lighting system consisted of 4 infrared 
halogen lamps (JCR12V75W, International Light, USA). 
2.3. Methods 
The measurement procedure involved placing each sample on the conveyor belt and acquiring images 
by means the hyperspectral camera. The resulting image collection is the hyperspectral matrix that is 
processed afterwards. Each image contains the spectrum of each point of the scanned line of the sample. 
In turn, as the conveyor belt is moving, each image corresponds with one scanned line of the sample. 
Different materials are placed on the belt to acquire a set of characteristic spectra of each material 
with a specific composition. Applying Principal Analysis Components to the set of spectra allows 
determining the quality of the model. When different groups of samples overlap, the model is not enough 
good. The next step is to apply a classification technique. Fisher Discriminant Analysis is one of the most 
used classification algorithms because it maximises the separation among categories. 
Once a robust model has been obtained, pork loin samples (with foreign bodies on) are placed and 
processed by the hyperspectral system. From each image, the principal components of the spectrum of 
each point are obtained. Then, each point is classified applying the discriminant functions. Finally, a new 
image is generated, in which pixel colours are associated to classes. 
This analysis was performed using two multivariate statistical packages. The application of the PCA 
was carried out using PLS-Toolbox 4.0 (EigenVector, USA) for Matlab 7.5 (Mathworks, USA). The 
application of the discriminant analysis was carried out using a software application developed in ainia 
using Visual C++ .NET (Microsoft , USA).  
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3. Results 
The procedure to classify the pixels from the images in categories was the following. First, a Principal 
Components Analysis (PCA) was applied, where different pre-treatment to the spectra were tried and 
analysed to select which one gave the best data reduction and discrimination abilities. In this case, 3 pre-
treatment were studied: centering and scaling by unit variance (CE), Savitzky-Golay first derivative with 
a 15-point window and a second order polynomial for fitting (1D15) and the same pre-treatment but with 
a 51-point window (1D51). The results of the best model obtained (1D51) can be represented in Figure 1, 
where the first and second principal components are displayed after applying PCA. It can be seen that 
there are a certain clustering considering only the first two scores. Samples of pork loin and green PET 
are quite closed, so its classification can generate mistakes. 
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Figure 1. Image representing the 1st and 2nd principal components after applying PCA. 
The second stage involved applying a Fischer discriminant analysis on the scores of the previous PCA 
(the first 8 scores were taken) to classify each point of the sample. Then, a new image was created 
representing each pixel with different colour depending on the classification results obtained after 
applying the discriminant functions. Thus, the final results of this analysis to each sample can be 
displayed. In Figure 2 it is possible to compare the real sample with the final image obtained. The image 
of the real sample is a steak of pork loin contaminated with the foreign bodies on the surface, while the 
artificial image is built with the classification results of each point depending on its infrared spectrum.  
 
  
Figure 2. Results obtained with sample 1 after building the image with the classification results of each pixel. 
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The artificial images obtained after processing the samples of pork loin with foreign bodies allow 
determining the materials and minimum sizes that can be detected. These results are shown in table 1.  
Table 1. Detection of each material depending on composition and size 
 
4. Conclusions 
In the artificial images obtained, it can be seen that most of the materials studied can be detected. 
However, only one side of the piece is analysed. It would be necessary to turn each sample upside down 
for a full inspection. 
A certain fringe effect can be appreciated in the artificial images around each foreign body and the 
contour of the steak. This effect is due to the shadows caused by the lighting system and can be reduced 
using a non-direct lighting of the sample with reflectors. The artificial image is the raw image without 
applying any processing technique. The  application of an erosion filter would have eliminated this effect.  
The results show that this technique provides a good ability to detect foreign bodies in meat products. 
Pieces of bone, different kind of plastics, metal and insects with sizes as small as 2x2 mm. were detected. 
Besides, fat is easily detected and differentiated from muscle tissue. This means that this technique could 
also be used also to measure the fat/protein rate. 
Hyperespectral vision is a powerful technique that can be used to detect defects and foreign bodies of 
different composition to the target inspected product, independently of its colorimetric properties in the 
visible range. Besides, the technique does not only detect the contamination or foreign bodies, but also 
can recognise them. 
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Class Size Detection  Detection  Detection 
Green PET - - 5x5 NO 10x10 YES 
Transparent PET -  5x5 NO 10x10 YES 
HDPE 2x2 YES 5x5 YES 10x10 YES 
Metal 1x3 YES 3x3 YES 3x10 YES 
Insect - - 2x5 YES - - 
LDPE film - - 5x5 YES 10x10 YES 
Bone 2x2 YES 5x5 YES 10x10 YES 
Fat 2x2 YES 5x5 YES 10x10 YES 
